Occupational ergonomists often use a variety of methods to identify jobs that are considered at high risk for the development of work-related musculoskeletal illnesses. The Strain Index (SI) and the Occupational Repetitive Actions (OCRA) Checklist are two popular upper limb risk assessment tools used in many industries, including the agro-food industry. Both methods are based on similar biomechanical, physiological and epidemiologic principles, but their approach to quantification and estimation of risk factor magnitude is quite different. The purpose of this study was to assess the inter-method reliability of SI and OCRA Checklist. Methods: Twenty-one jobs were video recorded in a Sardinian cheese manufacturing facility. Eight raters were recruited to assess job exposures to physical risk factors using the SI and OCRA Checklist. Inter-method reliability was characterized using proportion of overall agreement, Cohen's kappa, and Spearman and Pearson correlations. Results: Strain Index and the OCRA Checklist assessments produced generally reliable results, classifying the risk of 35 of 42 (83%) job exposures similarly. Conclusions: The OCRA Checklist and SI risk assessments are reliable upper limb measures of physical work exposures. Both measures appear useful for assessing risk of upper limb disorders of work tasks in the agro-food industry. However, the SI is specific to disorders of the distal upper limb and perhaps most useful for assessing risk in work primarily involving the wrist and fingers. Whereas the OCRA Checklist, which includes an assessment of the shoulder, may be more appropriate for evaluating jobs that also require extended periods of reaching and shoulder activity.
Introduction
The Strain Index (SI) (Moore and Garg 1995) and the Occupational Repetitive Actions (OCRA) Checklist (Colombini et al., 2000; Colombini et al., 2011) are two of the most comprehensive and widely used tools used to quantify exposure to physical risk factors for upper extremity musculoskeletal disorders (MSDs). The SI and OCRA Checklist are semi-quantitative observational assessment tools employed by occupational health practitioners and physicians to systematically evaluate ergonomic job hazards in the agro-food industry. Both methods produce a composite risk index that summarizes the magnitude of physical risk factor exposure. The results of an SI or OCRA Checklist assessment are usually interpreted according to tiered risk classification criteria, which usually categorize risk indexes as no risk, moderate risk, or high risk. These categorical risk classifications can be used to map the ergonomic hazards within a facility or a department, to identify the impact of interventions, and to compare an observational risk assessment with other risk assessment methods.
The purpose of this study was to investigate whether the SI and OCRA Checklist would reliably assess risk when they are used to evaluate the same job exposures (inter-method reliability). The SI and OCRA Checklist were used to evaluate physical job exposures to the left and right upper limbs of workers performing 21 different cheese manufacturing jobs.
Methods
The SI is an observational assessment tool used to quantify exposures related to the development of general distal upper extremity MSDs (Moore and Garg 1995) . The SI risk index is the product of six task-variable scores determined by an SI rater: (i) intensity of exertion, (ii) duration of exertion, (iii) efforts per minute, (iv) hand/wrist posture, (v) speed of work, and (vi) task duration per day (Moore and Garg 1995) .
Similar to the SI, the OCRA Checklist is an observational assessment tool, but it quantifies exposure to physical risk factors affecting the entire upper extremity, including the shoulder. The OCRA Checklist also summarizes exposure in terms of six task-variable scores (i) frequency of technical actions, (ii) force, (iii) awkward postures and movements, (iv) additional factors, (v) lack of sufficient recovery, and (vi) task duration (Colombini et al., 2002; Colombini et al., 2011) .
Exposures to physical risk factors for upper extremity MSDs were assessed for 21 cheese manufacturing jobs performed at a facility in Sardinia Italy. These 21 jobs included all of the major stages of Pecorino Romano production, from draining curd to product packaging. Operators performing these jobs were required to exert a variety of repetitive upper extremity movements and forceful exertions. Handheld digital video camcorders were used to record at least five work-cycles of upper limb activity in the frontal and sagittal planes. Job and break/recovery duration information was obtained by direct observation and onsite interviews.
Eight individuals rated the left and right limb exposures for operators performing 21 cheese manufacturing jobs. Regardless of prior experience, raters received structured SI and OCRA Checklist training before evaluating any jobs for the present study.
Raters analyzed videos of each cheese manufacturing job using the SI and OCRA Checklist according to the instructions of the developers of each method (Moore and Garg 1995; Colombini et al., 2011) . Raters waited at least three weeks after rating all of the jobs with one method before reevaluating them with the other method.
Data analysis and statistical methods
Strain Index and OCRA Checklist risk indexes, which are continuous variables, can only be compared by categorizing them using common exposure classification criteria (also referred to as hazard thresholds or cut-points). These criteria provide a simple summary of the physical risk factor exposure magnitude experienced by the worker. The exposure classifications chosen for inter-method reliability analyses are shown in Table 1 , and they were similar to those used in previous SI and OCRA Checklist or OCRA Index studies (Apostoli et al., 2004; Stevens et al., 2004; Stephens et al., 2006; Spielholz et al., 2008; Jones and Kumar 2010; Colombini et al., 2011; Chiasson et al., 2012) .
Inter-method reliability analyses of SI and OCRA Checklist exposure classifications were performed using mean risk indexes based on the eight replicate assessments made of each job (one assessment per rater using both the SI and the OCRA Checklist). The proportion of overall agreement (po) for these mean risk indexes was calculated, and Cohen's weighted kappa coefficient using Fleiss-Cohen weights ( w) characterized the chance-corrected agreement between both measures. To assist with the interpretation of results, Landis and Koch's (1977) 
Results and discussion
Jobs were predominantly machine-paced and had a mean cycle time of 41.5 seconds (±31.2). The mean risk index for all job exposures was 22.2 for the SI assessments and 19.2 for the OCRA Checklist assessments. Table 2 displays the distribution of SI and OCRA Checklist risk classifications for the 42 cheese manufacturing exposures (21 jobs x 2 limbs exposed per job). The two methods attributed the same level of risk to 35 of the 42 job exposures (po=83.3%). Table 2 also shows that the risk classification for nearly all of the exposures was ranked as "moderate risk" or "high risk" (97.6% for the SI and 92.9% for the OCRA Checklist). The SI ranked more jobs as high risk (61.9%) than did the OCRA Checklist (50.0%). Further, all 7 of the risk classification disagreements were biased toward higher SI risk assessments.
The relatively high level of overall agreement was also substantially greater than would be predicted by chance alone. Cohen's weighted kappa coefficient was 0.76 (95% CI: 0.61-0.92). The lower limit of the The present study appears to suggest a greater inter-method reliability between SI and OCRA Checklist assessments than previous studies have reported. However, directly comparing the present results to these previous studies is somewhat difficult due to methodological differences. Additionally, comparisons between the SI and the OCRA Checklist are rare, and SI comparisons have predominantly been made using the more complex OCRA Index.
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Horizons in agricultural, forestry and biosystems engineering, Viterbo, Italy, September 8-12, 2013 Apostoli et al., (2004) used the SI and OCRA Checklist to assess 12 repetitive job exposures using a similar risk classification criterion to that of the present study. The authors observed a relatively low proportion of overall agreement (po=41.7%). Of the seven jobs that were classified differently by the two methods, the SI classified them all at a higher level or risk than did the OCRA Checklist. The present study found overall agreement to be double that of Apostoli's et al., results, but the same trend in systematic bias toward higher SI ratings was observed. Chiasson et al., (2012) reported 60.1% proportion of overall agreement between the OCRA Index and SI risk classifications, and they reported a weak to fair correlation between continuous risk indexes (r=0.32). The authors evaluated 167 different job exposures in a variety of industries. The cheese manufacturing jobs evaluated in the present study exhibited much shorter cycle times on average (mean=41.5 seconds) than those in Chaisson's et al., study. Inter-method reliability may be strong for SI and OCRA Checklist assessments performed in one industry and weak for those performed in a very different industry.
Conclusions
The agreement and strength of association between SI and OCRA Checklist risk classifications was strong for the 42 upper limb cheese manufacturing exposures. Further, the correlation between continuous risk indexes was very high (r = 0.94). Therefore, inter-method reliability was described as good for mean SI and OCRA Checklist assessments of repetitive cheese manufacturing jobs. Both the SI and the OCRA Checklist appear to be reliable measures of exposure to MSD risk factors in cheese manufacturing. For evaluating physical risk in the agrofood industry, either assessment may be appropriate depending on the needs of the evaluation, the type of work performed, and the experience of the raters. However, the SI is specific to disorders of the distal upper limb and perhaps most useful for assessing risk in work primarily involving the wrist and fingers. The OCRA Checklist may be more appropriate when assessing tasks that require extended periods of reaching and shoulder activity, such as picking fruit or harvesting olives. For jobs that expose agro-food industry workers to repetitive upper extremity movements and forces, either the SI or the OCRA Checklist can be used to reliably quantify physical exposure to MSD risk factors.
